for inhibition of dCLK:CYC-mediated transcription, we has been assumed that these interaction domains are found that in S2 cells, PER without TIM inhibited important for negative feedback. However, a critical dCLK:CYC to more than 90% at high doses ( ceed the capacity of cytoplasmic localization and/or cells. We mapped the dCLK:CYC inhibition domain degradative mechanisms, allowing accumulation of (CCID) of PER and discovered that it lies in the C enough nuclear PER to inhibit dCLK:CYC robustly, even terminus, downstream of the PAS domain. Using delein the absence of TIM. Thus by using high plasmid doses tion mutants and site-directed mutagenesis, we identi-(200 ng) in subsequent experiments, we could study fied a novel NLS in the CCID of PER that is a potent PER's inhibitory activity without dependence on TIM regulator of PER's nuclear transport in S2 cells. We binding sites for enhancement of PER nuclear transport further found that nuclear transport, primarily through and/or stability. Furthermore, because V5-tagged PER this novel NLS, is essential for the inhibitory activity was found to be as effective as untagged PER for tranof PER. The data indicate that nuclear PER inhibits scriptional repression (Figure 1) , we used V5-tagged dCLK:CYC-mediated transcription through a novel doconstructs for the rest of our studies, facilitating the main that additionally contains a potent NLS. determination of relative protein abundance and subcellular location. tory activity. Using additional deletion mutants, we Thus, it seemed likely that PER:TIM inhibits dCLK:CYC mapped the dCLK:CYC inhibition domain (CCID), defined as the minimal region producing over 50% inhibition under the conditions tested, to amino acid residues
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(data not shown). To our surprise, we found that fragcalled PAC, which in PER acts as a cytoplasmic localizaments containing the PAS domain did not inhibit tion domain (CLD) [5] . PAS domains have been implidCLK:CYC whereas a PER fragment downstream of the cated in protein-protein interactions [6] , and indeed the PAS domain (PER 513-1224) possessed robust inhibi-PAS domain of PER has been shown to bind TIM [7, 5] . tory activity. Using additional deletion mutants, we Thus, it seemed likely that PER:TIM inhibits dCLK:CYC mapped the dCLK:CYC inhibition domain (CCID), defined as the minimal region producing over 50% inhibition under the conditions tested, to amino acid residues *Correspondence: steven.reppert@umassmed.edu per full-length or deletion mutant constructs. The luciferase activity 10 ng, 100 ng, or 600 ng of per, tim, or V5 epitope-tagged per (perrelative to the ␤-galactosidase activity was computed and normal-V5)) is depicted. CYC is expressed endogenously in S2 cells [8] .
ized such that the mean value in the presence of dCLK alone was The luciferase activity (expression driven by a minimal hsp70 pro-100%. Each value is mean Ϯ SEM of three replicates. The numbers moter and four per E boxes) relative to the ␤-galactosidase activity Moreover, we confirmed that a CLD was located bemay enhance the inhibitory activity or the structural statween amino acids 450 and 513 since the fragment PER bility of the CCID. To ensure that the inhibition we ob-1-450 had a greater degree of nuclear localization than served was not artificially generated by overexpression did PER 1-516 (83% of cells stained in both cytoplasm of our PER constructs, we retested PER 513-1224 at and nucleus versus 59% cyptoplasm only, respectively), a lower dose (10 ng) and found that it still achieved and PER 513-1224 had a greater degree of nuclear localpotent Ն70% inhibition (Figure 2) . ization than did PER 447-1224 (91% nucleus only versus 57% both cytoplasm and nucleus, respectively; Figure  3A and Table S1 ).
A Potent NLS Resides in the CCID of PER We next examined both the CLD and functional nuclear
Because the presence of a CLD in PER could obscure the study of its NLSs and because there appear to be localization sequences (NLSs) within PER because regulated nuclear entry is thought to be an important compomultiple NLSs, we analyzed NLS function in separate PER deletion mutants, one that is upstream and one that nent of the transcriptional feedback mechanism [1] . As previously mentioned, PER has a CLD at the C-terminal is downstream of the CLD. In PER 1-450, we mutated the basic amino acids in NLS73-7 to alanine ("1-450 M73-end of its PAS domain (residues 452-512) [5] . Sequence analysis predicts that PER possesses at least two NLSs 7"), while in PER 513-1224, we mutated the basic amino acids in NLS788-91 to alanine ("513-1224 M788-91"). of the classical basic monopartite variety: one near the N terminus (aa 73-77; "NLS73-7") [10] and one in the To our surprise, these mutations had only small effects on subcellular localization ( Figure 3A ; Table S1 ). C-terminal half of the protein (aa 788-791; "NLS788-91") [11] . However, neither of the predicted NLSs has been
We therefore assessed the localization of additional deletion mutants. We found that a functional NLS verified to be a functional NLS.
We Figures 1 and 3) , is consistent with the cytoplasmic sequestering idea. 
